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Hyperthermia treatment procedure (HTP) is an alternative treatment for cancer, where it 
induces heat and forms the biological effect. The efficiency of hyperthermia procedure 
depends on the focusing distance position of the electromagnetic energy in order to 
elevate the temperature of the cancerous tissue within 41oC–45oC at a certain period of 
time. However, current non-invasive HTP technology had limitations in its penetration 
depth and focusing distance position toward human tissues. Thus, this research is 
carried out to minimize the limitations of HTP by investigated the effects of integrations 
of metamaterials (MTM) lens with HTP.  There are four main components are required 
for development in order to simulate this research project, which are breast phantom, 
microstrip antenna, MTM lens and water bolus. These components are developed using 
SEMCAD X software simulator. The breast phantom is designed based on the real 
characteristics of the breast images, which are obtained from the referred hospital. The 
simulation is carried out in order to obtain Specific Absorption Rate (SAR), antenna 
directivity and antenna return loss. From these parameters, the penetration depth and 
focus position distance capability can be determined towards the treated tissues. As a 
result, HTP design with the integration of 0.915 GHz microstrip antenna with 
aluminium single layer MTM metal slab presents the penetration depth up to 76 mm 
and focus position distance at the of 22 mm to 76 mm. However, when water bolus is 
integrated the penetration depth is changed to 73 mm, while the focus position distance 
is in the range of 22 to 73 mm. Therefore, the research objectives are successfully 
achieved. Nevertheless, further research or work necessitates in order to improve the 









Prosedur rawatan hyperthermia (HTP) adalah rawatan alternatif untuk kanser dengan 
mendorong haba dan membentuk kesan biologi. Kecekapan prosedur hiperthermia 
bergantung kepada kedudukan jarak fokus dari tenaga elektromagnetik untuk 
meningkatkan suhu tisu kanser dalam 41oC-45oC pada tempoh tertentu. Pada masa 
yang sama, HTP ini memberikan kurang kesan kesihatan yang buruk kepada tisu sihat 
di sekelilingnya. Terdapat empat komponen utama yang diperlukan untuk pembangunan 
untuk mensimulasikan projek penyelidikan ini, iaitu hantu payudara, antena microstrip, 
kanta metamaterial dan bolus air. Komponen ini dibangunkan menggunakan simulator 
perisian SEMCAD X. Phantom payudara direka berdasarkan ciri-ciri sebenar imej 
payudara, yang diperolehi dari hospital yang dirujuk. Simulasi ini dijalankan untuk 
mendapatkan Kadar Penyerapan Spesifik (SAR), pengarahan antena dan kehilangan 
kembali antena. Dari parameter ini, kedalaman penetrasi dan keupayaan jarak 
kedudukan tumpuan boleh ditentukan ke arah tisu yang dirawat. Hasilnya, reka bentuk 
HTP dengan penyepadukan antena microstrip 0.915 GHz dengan aluminium lapisan 
tunggal MTM slab logam membentangkan kedalaman penembusan sehingga 76 mm 
dan fokus kedudukan jarak pada 22 mm hingga 76 mm. Walaubagaimanapun, apabila 
bolus air diintegrasikan kedalaman penembusan ditukar kepada 73 mm, manakala jarak 
kedudukan fokus adalah dalam lingkungan 22 hingga 73 mm. Oleh itu, objektif 
penyelidikan berjaya dicapai. Tetapi penyelidikan atau kerja selanjutnya memerlukan 
untuk meningkatkan pencapaian jarak kedudukan fokus dengan saiz atau kedudukan 
yang berbeza dari hormon kanser payudara.  
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This chapter consists of the project overview for Final Year Project titled Focusing 
Enhancement with Metamaterial Lens Applicator for Breast Cancer Hyperthermia 
Applicator, as well as the motivation of project, problem statement, project objectives, 
significant of project, contribution of knowledge, research scope, research approach and 
thesis outlines in sections 1.1 to 1.9, respectively.  
 
1.1 Project Overview 
 
This research involves a study in developing of microstrip antenna, metamaterials 
(MTM) lens, water bolus, actual human breast cancer character parameter in order to 
simulate the desire penetration depth and focusing distance of hyperthermia applicator.    
Recent years, an explosive growth of number in the development of the applicator 
for non-invasive hyperthermia cancer procedure is observed. This hyperthermia 
treatment is currently known as an alternative therapy for cancer [1]. It is often used 
with chemotherapy and radiotherapy, which then known as an adjuvant therapy[2]. In 
addition, hyperthermia is a new technique to expose a cancerous tissue with an 
electromagnetic radiation in order to increases the tissues temperatures around 41 ºC to 
45 ºC at certain period of time. Based on the previous research, it was observed that this 
hyperthermia technique was able to convert the cancerous tissue into the necrotic tissue 
and destroy the cancerous tissue with minimal side effects [1], [3], [4].  
Generally, hyperthermia treatment procedure (HTP) can be classified into two 




applicator is applied toward the human body internally or externally, respectively. 
Practically, invasive HTP can much more effective than a non-invasive HTP, as the 
HTP applicator is inserted to the target region and heated the cancerous cell directly [5]. 
However, the process of inserting this HTP applicator into the human body can be 
invasive and may cause several adverse health effects such as major bleeding.  
On the other hand, as for non-invasive HTP, since it is applied at the outside of 
human body, adverse health effects can be minimized. In addition, this non-invasive 
HTP is simpler to handle if compare to invasive type HTP as it can be used as in-situ 
applicator [1], [4]. 
Nevertheless, both types of HTP are effective and applicable for cancer therapy. 
However, as for this research, it will focus on non-invasive HTP applicator 
developments, since it provides less adverse health effects and safer than invasive HTP. 
This research will study, improve and stimulate non-invasive hyperthermia, where HTP 
applicator is investigated and modified further in order to obtain the results that show 
the capability to perform required depth and focus position distance towards the treated 
tissue.  
G.A. Deschamps was initially introduced idea of microstrip antenna in year 1953 
and practically produced in 1970’s by Robert E. Munson and his fellow researchers 
using a low loss substrate. Microstrip antenna also known as patch antenna,  where it is 
mainly used at microwave frequency with 1GHz and above [6]. Microstrip antenna has 
commonly used in many applications, such as broadcast satellite service, mobile 
satellite communications, global positioning system (GPS), medical hyperthermia usage 
and such [7].  
Then, the concept of Metamaterial (MTM) was first proposed by Veselago in year 
1968 when he introduced the existence of materials whose permittivity and permeability 
were simultaneously negative [8]. Nowadays, experimental results prove that moving 
the microwave sources with respect the MTM lenses based on tumour position can 
effected the concentration of heating within the biological tissue. Thus, employing a 
multi-lens structure can improved the better focus the microwave radiation inside a 
lossy medium [9].  
Besides that, integration of water bolus contributes an essential role in HTP for 




treatment. As implementing water bolus able to lessen the adverse health effects due to heat 
applied toward the treated tissue especially massive skin burn [10]. Further discussion 
about hyperthermia, microstrip antenna, metamaterial and water bolus were stated in 
Chapter 2.  
In addition, breast cancer is targeted in this project is due to it is the most diagnosed 
cancer and most frequented cancer death within women in the worldwide. There were a 
recorded of 25% of women cancers and 15% of women cancer deaths in World Cancer 
Report 2014 [11].  Thus, breast cancer is the most frequent cancer found in women in 
140 countries and the most common cause of cancer mortality among 101 countries. 
Because of above reason Hyperthermia Procedure which had been proven its benefit for 
treating the chest wall breast cancer recurrence is proposed in this project[12]. 
Therefore, this final year project is based on the simulation study of suitable breast 
cancer hyperthermia applicator design for desire focus distance (20mm-80mm) with the 
combination of Microstrip Hyperthermia design and enhancement of Metamaterial 
Lens.   
 
1.2 Motivation of Project 
 
There are two factors which motivates to research in this final year project.  
First, a non-invasive hyperthermia has potential to kill the cancer safely. However, 
there are some difficulty to improve in penetration depth and focusing distance position 
of antenna. 
Second reason that motivates to carry out this research is the increasing numbers of 
cancer incidences, especially breast cancer. It is the most common cancer within women 
worldwide and comprises around 25% of all female cancers [11]. 
 
1.3 Problem Statement 
 
Concern for non-invasive therapy requirement has encouraging a lot of researches 
in non-invasive HTP as it may provide safer and at the same time able to show good 




very crucial for hyperthermia procedure as it is able to reduce the excessive hot spots at 
the surrounding normal tissue and minimize the adverse health effect contribute by or 
during the hyperthermia execution. Thus, the applicator that will be used to deliver the 
radiation or heat towards the treated tissue should be able to focus the radiation or heat 
at the necessitate area to be radiated or heated.  
In conjunction with that, with the advancement in antenna design technology, 
further investigations within the metamaterial as a lens is developed to overcome the 
focusing capability towards the treated tissue. 
 
1.4 Project Objectives 
 
 The project objectives are as stated below: 
1. To develop a hyperthermia applicator to provide penetration depth up to 75mm. 
2. To enhance the focusing distance position of HTP in range of 25 mm to 75 mm 
with Metamaterial (MTM) lens applicator. 
3. To reshape the effective field size and reduce unwanted hotspots with 
integration of water bolus 
Figure 1.1 illustrates that the penetration depth and focusing distance position of 








Figure 1.1: Illustration Diagram for Penetration Depth and Focusing Distance Position 





i: focusing distance position 




1.5 Significant of Project 
 
The significances of this project are to introduce a modified HTP applicator that 
able to penetrate up to 75mm and provide EM energy focus position distance of 25mm 
≤ focus ≤ 75mm.  
 
1.6 Contribution of Knowledge 
 
Microstrip antenna is widely used in signal and data transmission such as mobile 
data transmission. In this research, microstrip antenna, which is integrated with another 
structure called as metamaterial to heat the cancerous tissue during the execution of 
HTP. Metamaterial acts as a lens that able to provide focusing towards the treated 
tissue. Thus, this is where the knowledge is contributed.   
 
1.7 Research Scope 
 
 There are four research scopes in this project, which are: 
i. Data analysis involves mammogram cancer images from early stage to stage 3. 
ii. This project is carried out through simulation, where specific absorption rate 
(SAR) is obtained to determine the attainments of penetration depth and focus 
position distance.  
iii. Breast phantom is emphasized to be used as the treated tissue. 
iv. Rectangular water bolus with distilled water is used and integrated with HTP 
applicator to investigate the effects on the penetration depth and focus position 
distance towards the treated tissue. 
 
 
1.8 Research Approach 
 
 This project is a simulation-based research project. Figure 1 shows that the research 






Figure 1.2: Flowchart of the Research Approach  
As presented in Figure 1.2, firstly, fundamental infomations about HTP are 
provided by supervisor. Hence, literature reviews about HTP and techniques used in this 
research are done as shown in Chapter 2. Followed by data analysis which is conducted 
after research technique is decided. Breast cancer mammograms are secondary data, 
where it were collected by supervisor under ethical policy and further analyzed by using 
Digital Imaging and Communications in Medicine (DICOM) software provided by the 
hospital.  In addition, breast phantom is built based on the data analysis results.  
Next, rectangular antenna model is modelled and it is run with SEMCAD X 
software to determine the suitable applied frequency, design of MTM and water bolus. 
If the results obtained from simulation is able to achieve the targeted objectives, final 
stage of reasearch approach which is report writng and thesis submission are carried out. 
Theses outlines are presented in Section 1.9. Details of the research approach is presented in 
Chapter 3.    
    
START 
Gather Info from Supervisor 
Research in suitable Antenna 
for Hyperthermia 
Data analysis in breast 
cancer mammograph  
Run the simulation by 






Design Breast Phantom 
and Antenna Model  





1.9 Thesis Outline 
 
This report consists of six chapters, which are Chapter 1: Introduction, Chapter 2: 
Literature Reviews. Chapter 3: Research Methodologies, Chapter 4: Experimental 
Method and Results, Chapter 5: Discussion and Chapter 6: Conclusion as shown in 
Figure 1.3. 
Chapter 1 discusses the introduction of the research. This chapter consists of the 
project overview, motivations of project, problem statement, project objectives, 
significant of the project and contribution of knowledges. This chapter also presents the 
research scope and limitations, research approach and thesis outline. 
Chapter 2 discusses the literature review made on this project. This chapter consists 
of the review of hyperthermia in cancer treatment, microstrip antenna applicator in 
hyperthermia procedure, metamaterial lens as hyperthermia enhancement and water 
bolus in hyperthermia. 
Chapter 3 discusses the research methodology of this thesis. Research tools, 
research process, which including the breast phantom development, hyperthermia 
procedure development, metamaterial lens development, water bolus development and 
Specific Absorption Rate (SAR) simulations are presented in this chapter. 
Chapter 4 discusses the experimental methods used in this research and SAR 
distribution results obtained from the SEMCAD X simulations. This chapter consists of 
the details on four experimental steps proposed in this project, which are microstrip 
antenna development for electromagnetic (EM) energy penetration depth attainment, 
metamaterial lens enhancement with microstrip antenna for EM energy focusing 
distance position attainment, water bolus development for reshaping the effective field 
size of the EM radiation distribution toward the breast cancer tissue and research 
validations.  
Chapter 5 presents that discussion for selected antenna parameter such as applied 
frequency, antenna feedings, type of MTM lens and design of water bolus. Besides that, 
temperature calculation for obtained SAR also discusses in this chapter.     
Chapter 6 discusses the overall summarization of this research and future 
recommendations to improve the attainments of HTP. 
